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s ^xf ae oh xii aoi 2^ y§§ 6fe e^s &a Aii^e ois» eg axis xh^ck s asoii cue 3^?s »si aiise 

tt£ CHAtOIIAI g^ofe ax> CHAhM Ail 5 9\^0\\M ±dl»H£, HI ^ Oil S^£|0| °^lil OlgSW 2^ 

• a ^ A ^Aii 4- siu. e ^goii a>e ^si Mi^tm o\sm as sxioii ai ^ k 30 mMsi a^aoi o^is^os m mu\ 0.42 v, 1. 

(I3131A2I 23I CHILiXl^h IttfStaCt. as 23 XI SI si§ ^OHS Miofe 3fl»9 2^ a^§ S^AIB©SM| atefSIHCK 

MO' 
CH-SSE 

: £2 

9/flAI 

i£4i s s 2 °ichs A^goni e^e di aii s?a gj» ^a^ss aae* as axisj jh^s. 

£ 2^ ^a ¥^J51 2^©S AFS8H2 g^=jlf g^e ^OIS H^Q|o^ eg SJI2I JW^E:. 

(77) \ 

W^s e gtsoii cue ^a /die &m e^sj a^ &goii sib ^ a^ an h^hh. 

S Sfe 2^ a«k e as axioii/d a^§*e uaa hbuh. 

6B m¥«<yae ass e wasi as a.xioii/d «n*g a#^e uayi zibuh. 
jT/s oi-Aiis^a, ^± <m Aiss^a ass A>g& e ^asi ^yg as sxioiiai ^y^e sw^e hbhh. 
is 8S s ^ssi ^yg as axioiiAi »as 2^^3f 7151 s^it uaa nenn. 

i^ : 9fe E ttSSI as SXI0IIA1 2XI2j sii »6fA|9PI 91 8H AIAIB ^SOIIAI SH^iD} PIS 2^11 UB« 
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r' ; * |y- g oj 

" r: ' &soi *?sn= :m# §y 3 ^otsi sbh?I£ 

B time EX\ aS DH9I* AhSoHI &b £S &B >!0IDK CH^ ?X1I3£S, 8 CH Ah ^§01IAi »4SShte »S!£ia A||£ 

see mm ^diofe oi^gg m§&2smi ^^imoi aim in BBstfe ^^^e spi oiiuxis a&AiiJ 4^ si^r &m 2s 2x1011 
air^oici. 

|#as axibr 321 i¥§ A^gsfoi «ssi oiiuxi chaioiiai aachte a^i oiilhxis a&Aisi^ gxis/d. nmm 2 

S fill Oil Alfc ^DH^AH ^gofb DI^SOI ^lii gBAIH 0 »41»fc BBBiB 331 0||b| XI S S«A|9PI 5\mM OIIUXI LH AhOII Ai B«|8t 

i=.axpi- oi«i8£¥Ei a^ss assoiot »o. 3au, di a j§§ saaht ^msj aiis^ q*£.^ mo\ anm. oia» s>g ui&£»i 
01 xiis ^?^£jch &3i ceh^oii oi^y Mil- a^asi ^s^ei axi- n&g o\^o\m 4 s si a. nhah/H, dibb axiia mm^ M^m qhoh^ » 

88 ax r as OH SIB AhSB££M| ^MUf a^2*S| SXh SBOI 4M\ 0\WO]X\^m ShMOtBCh 

• .. < , 

B&i (Roller) ^DH^Ai H^Eil^ B?tBI ^(Proteus vulgaris), CHSatEscherichia coli). SI*ai£!A|^ SMSIHrMAIcaligenses eut 

rophus), OlSSBtH 3££3^(Azotobacter chroococum), dh6!a± /HMBa^tBaclllus subtilis), *£SU^ Oil 0)^X1 in AKPseudomonas 
aeruginosa), ^£2U^ ¥EICf(Pseudomonas putida) §1 AhS8hI2. aXf as DH^I^AH^ El£t! (thionine). Oil iJ£l If, HHB.12^ 3 

M¥(brilliant cresyl blue), SOB dl 211 (benzyl viologen) if Ah g 61- 01 £JM 2£ axiOilAi, &± ±dli*°£ 

aXiSI age AtSB a »l a axh OH a SI e^OII rjrjyAi e »0Ph Slit afeie bl- aUISS: Roller et al., 1984, Journal of Chemical 
Technology and Biotechnology 34B: 3-12]. Eft, Al-Sfi SXIOHAi a± £b|gfC>lfi ±d|g)j» axh aS OH XII 

2|-»a ^01 3>§ a»fe CH§aa S£EII¥± B^BI ^(Proteus vulgaris)SM *e!8hacUS2S: #31 Roller §21 SB]. 

S^SB OH XII B M§ofb a XI SI axilSI 2IB ±W SB. 2 XI- aS OH XII SI BS! M, 3If Si OH si si a^^si bss m 

s axisi til issib sae- eswoich ses. aw ae oh a si a«oii criei oi^msj oiiuxi chmoii oixi^ ssoi 

^tl'ifll UBUSS, ^OH^AISJ DI^B a»i S^SJ XI SES 0H¥ sfl»m. 

aaSKM. ^&i(Robin) 18 ^OH^Aj 45 mgoj H^EII^^ M^FB.|^(P. vulgarisJM, aw air OHxll^Al 0.5 mMSj S^IH^AIUHS 
^fe;(HNQ)M. 3£|3 <£^^M 20 I LMSJ AhgS^Oj 0.5 mA, 0.7 VSJ JlE^m aXIM ?a§^P[Sr5: Robin et al.. 

SS&3; Applied Biochemistry and Biotechnology 39/40:27-40]. t«|L-||£(Bennetto) AFS8H1. H^EII^^M ^OH^, 3£l 

S.EJSyS aW a& OHMS M§§1 aXIM ^^ohOI 213 44 C(Coulomb)SJ a^S a^ChSaCUl fiHSfSaaiSS: Bennetto et al., 1 
985,' Biotechnology letters, 7:699-704]. 

^k-mtH^ SDHHarberman and Pommer)£ aw a& OHfll CH<M ^S2i§, BE.|«ei/d^M §1 a^°^ Mgo r 01, m » 

^a"'»a Aiiaoi ^^s^ ^h^^m oigofe axie =?aeK)i cm* g 150 mAOso mA/cm2)sj a#s ^y^6iacf3 aae di- 

IfilSS: Harbermann and Pommer, 1991, Applied Microbiology and Biotechnology 33: 128-133]. 

6i%roiiAi ^ ^ d^sf soi, xia^xi e^s axi^ ^4^^^^ &!§ axi- a& ohai se^ s^si aw as ohxii^ a^oho^ 

fiB^ sxiisoi siD. 3 shu. a xi oil Ahesfe eis aw as qhxh^ e^s axisi sit g^hAPife ^3 ss, oia 

#'¥XII0II Olxlfe BBI& SB Ahg^OI XH&B ^CHEH M§f £| OJI 2iCHA]£ ^XHSOI 511 ». SES. ei^ aw as 0H»B M§ 

5fe : .arfe 3^^X|£|£, DI^MSJ CH Ah cis(^Sf^^)OI aW aS QHx^Ai 0ie£IOH0^ o^i HHSOII, 2^ aWS ttH 

M ^SH ¥^£IXI S^fe ^4-^ a^o^ AhgoHO^ ohb SSIBOI aioi so. 

IfSVa^ia ^ EH 3m CHI Al »|2S Ol^g Ol^eOII SloH 4S^3fe SSI SIS2S ¥^M^ ^gOII SJSH ^£J£lfer SBI 

^ feu, iie x-ii2s oiee aw 4§x^ oigmoi ^ss^ e^sj Aiiaoi ^bisjsai ^12^ 01221 ^§1 yeoi ^§ di^boh 
a#.bi*wachte 2101 essi&a. ai2a 01 s oisioiis 4^21 aa, 6^hsi ?^h, 6^hsi aej^gi! aw ^sas oiss^ ah 
^fsaisascN, oi^s en^oi &si /diaoiy bcj. 

ieife aii ^01 ^1^^ oi§& 4* si^ ohAHM^, sa-, m^na. H^niea, aen=a, ssa §sj xi^^ mmmit 

ai'^-jBia, 3511 s. £!2a, ei!HS3a. SI^SaiolH sSi Shae SOiat^r^: Lovley and Klug, 1990, Applied and Environmental Mi 

exobiology 56: 1858-1864]. l^Si Ail ^2] Sa if OJAIIS^WXI aSfA|3|3 U^ e^SJ Ail ^2 OlAH^^s oi^SB^WXI 

^Aiaifea. oim m®s\t= &^^m ^^i &mo\\ oibbd. aws M^a «»a. *na s^a ^aaoia »o. 

iTi a^2i ^£^i ^6i ^soiiAi ^^ohb s^ia Alias oiiuxi chmsi mgou cdsi Aiiaa Ana°s ^#@ci. Aiia^ 

h|§ J &ffl|aa ^2 3^W SfSrSi ^^I^ISS ^6H6h3, All ^2 aXh ^SXIISI &1§I OlgohOI 6f§i ^aol ttCHB 

Ih^y^ss, ©msi 5H0H oiy e^si di^moi ^jh asshfe g?, ^ch^o^ gjoj onuxig aaa ^ si^ chai axia s^6^3 
2i!b dibboi ^ aii 6^i aa. §^i^ is Aiiaoi &j\mm aaAia m oisa ^ a^ aw 4gib ^a^atFedii)]. i^s, oiasfg* 
gff»«B. Bfcha soi asm. sue aw soiaisi aa bbohai vbs &a^oii sish &s ohuxi^ «a£i^ s?b asfxii2atF 
SI«)]oi ch^ai, gas, ms, e^asi ^o^aa3 ^usicits^: ij^g. aiBBBBm. o^naioi/H=i. 1995]. «h»ai2 
Idi manias eiesi &a a^^ 0.78 a^^i- is ^21^ cH2i a?i 0.82 vsf oh^ &Mo\q. 

S% Ail ^01 OlSmfe aW 4§1 g HI2S OIS g i¥b SOil CHB goli^^l ^61 ^U. I||2S OI^M Olgofe AISf^Bj ^^aiHh 
^ifflitShewanella prtrefaciens)2J B a^fe ax^ 4§)tlll AIISUI^ e^SIW Sffe CHa AIIS S|otO|| MJ0l£3B(cytochrome)B 
a^pi. AIIS QhOHAI ^^ISSJ tt»B ttiSa ^Sl^e AIIS «2£ SBShOI «2B Ol^g &^iA|3|^ 52§ SBIW JUCHaS: Myer and My 
fu;#992, Journal of Bacteriology 174: 3429-3438]. 
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Syl^aiBsi e*soifaoi»te ar^ B^aoi a:>i sxi2i a^:* ax r M hbb 4^ si^ 52^ saxs aicKBS: 

aa^mer and Hill. 1985, Journal of Electroanalytical Chemistry 189, 229-246; Moreno et al., 1991 , European Journal of Biochemistry 202 
5-393], 0| CH, &X[S\ a^ Haul a™ a g 0IS ¥M£i S(heme) gOI S^o^l HH^OIl E+^U ¥^ 

£i<0£¥ ax r 2&XII A^OI Oil flflShS ax r 2| 0IS0I 0l¥OiXIXI BfeQ. SI2B 01 S All a 21 A|S 21 a* Oil M r 01S3M2J a?. A||S 
gpjtAH g^SJfe aXfS Mg£2J 2 IF 4*gxllS ai*B 4* Sl£^ bH^SOi mi §011 a=> ^gOl ^1 BOlUte ^S M^C[. 

aaoi oi^zqxi- Srfe Piir^ aai 

£ .Wa»Se 0|X||7JHI2| ag a^ SX|0|| S10H/H2J S3IB ^XjlSMg ^oHIXr SiS H» 2i OH XIIM ArgorXI SHIA|£ li^ei 3^ 

$&b v ^ 21= s^a bsi Aii^e «aamiii, oia msb as ae as sum :w»»acK 

^ttaS ^81 Hl^ SOII BB90I at ^^IM3f ¥}|gg 0|g6 r fe, EX[ SB OHflIB AfioHI ag 0£ 2XIM XII38PI ?IB 

&0ICL 

f^asi a 

i;ias a^a- s^, ois a^ a e^2j as ohm. oib ¥ ^ moi°i ois igot % ¥?i2i oiag h?ohs oi^cna ag as axi 
qii;si.oiA) t oiag ^ohsai s^?a »a m&m Afgss ^s^s aft at as axie bisbck 

i : 0aoii c&e ?axi s#2i as an ^sai n rjs^a oipt £ 1 a £ 2011 zi^si £Ai£ioi sua. 

fpFa2i ae as s xi oil Mmm ^ a^ a s^ss/Ht e^ai ag as axioii A r g£i^ a^g Af§i 4= 910. oum mo\, ^a 

MB** 4* »°01(E 1 SS). 2 XI »»2| 7H8B eoiH Ha^g e^rAPPI ?|6H ^a ¥^IS(graphite felt)M Mit ^ 
giSf(£ 2 SrS). SEB. as SXI »ai2| ^4iSFA|3PI ¥16^01 M0\M SOIS B^^l, Ollfi §01, 0 1 Ail ^EL| 2JXH ^^oh 

#^2i s£ dhx-iis^ e^^a as axioii a^sj^ asH^g gaHAi^i &s^, d^^o^i^ 100 mM°i atume &^s^ 100 mM 
oj a^a &e^g Afgoii, m^s\ as ohx-iis^ s#£i , oijs mch, 100 mM^i a^a &^^g M§?[p. aischi a^& & 

ff-S-SI pHb 7.02^ 30! dr^SiSfCI. 

l^'^SAI ^^2] S£ DHxIlfe, OIIS MO], £D\m 3^25 ^Si^oSMi ^4: S^^EHS ^X|6rH. M^S\ S£ DH^lfe ^l^ ^25 
gWAiaO. ¥¥!2j ^3^, OIIS gOi, 9^ §X|| S^g S^AI^ <i^M ^Sol HI2WI2! ^^'^HSAM §^ <^^M XII 

$m * SHIAI91 ag 4- 2iCf. 

» : »a2i ^g as axioii A r S£i^ oi^e ^oHb ^^ig se^ ¥^igg assoigsm, as ^oioii cu-b ^^^e m^°\ ax^ 2i qh^i 
^ifegoi stoi M^a^ yeoii oigoKM a^M ^^ai^ ^ ah^oiq. s ^asi ^yg as axioii A r g£i^ oiag ^oh^ a^^s^i 

S-ai^ SOII ^XHShfe Ciaeh ^^l ¥^lgg imAIIJ EEH &^6fe ^2l^g 5xll £^0|| Olgmxi S^g PoH ^tll^ 4^ 
Sl'Hg^ M30IO. 

^■6iAion» acta & ssi ch^ ^aiisi issmn ecf. 

It^dl 1 > 

fej&Aioiib s ^aoii A r ga ^ si^ s^a &s Aiiaa mei as. 1121 2^'^. ^ai«^ ^ ^g as axioii m& eg 

SS9, m&B ohXH £9. 8^ XHEIS2I gUI ^SfS g Cf9B ^SOllAi §^2| Dl^g ^Sdl S^Si SX r 5Mfl|pia}£ 01 

#5hn tt§\M2mm a» 4^g^is oigs^ aiis* §9, sag §j aus^asi aism ^ai^a^oii m^M?i * 100a uxi 

|OToabH2i oig^ ™mo\ si^o^cr. oia ^<^a(3o^aig), xii2S 018(10 q/£) mm a^s &<^a §^ dib mx\s\ nxii seoii 

^. 25 t:2| gCH g^l^ ^SOIIAI 4 L||X| 5^ HH^o^P. 3*11 ^r=QI S^ig Hl= 21 ^eiUiOi S^S, X1I2^ Ol^g B 

Msffe &g 2«fli dH xi oil Ai g:?!^^ bHasra/d ia ^na oi^g s^shaa. nna ois^ igisa(ferr 

gfefhe) ^^j gJ-Sg A r go^ §^6^df[^5: S| ¥B. a Ale, a 88, II, 1996, ttaOltfB&tfflXI, Vol 24:364-370]. XI1 1 a 0IS0I 

^Ssixi ar^ bHa^g ^^lhch 2g oi¥s ^asm xisa^a. Aiie 3^g soiiai »i2a 01^21 ^§1^01 dis ir 

H2£ SSotaD. IR-1S LB BS bHXI^OllAi ^^ofe ?S'B22£A| SXf^f SI 12 ge^OI 3^ ^(Shewanella sp.)01CK IR 

^<^ag o^is^a^s <^hai^ ^y^oii ssb oiiuxim a^m uim^ ^8 8£(25ic)oii/H a^sfaa. s ^ax^s e a 

|S^0l IR-ia CHBfflS? Ajg^^AI of^^e 39-1 ^XH2J B^a^l ^a^PSI ¥^ ^a^a^ ^aX^SOII 1996t^ 7^ 24^X^ 

&.£lfiH»H 4^1 KCTC 8753PM ¥01g>8 b^ 

iR^ 21 as as en Ah iigg araspi ¥iShoi a xi- sot ^121- a» ^aasi e^oii cri^ as 4§§ cfm^i aoi aim 6^ a. ^, B^a &e 

^^I'B bHXi[CBBM: carbonate buffered basal medium; NaCI 0.9 g/i, MgS04 0.25 q/2, CaCI2 0.1 g/t, siS. 1 g/i. a^a 10 mM, 

^01^ ¥31 S!^ ge" 10 ml/f(UMHSMdlOhA||EIIOIM 1.5 g, FeS04-7H20 0.1 g, MnC12-4H20 0.1 g, CoCI2-6H20 0.17 g, CaCI2-2H20 0. 
|||f 2nCI2 0.1 g, CuCI2-2H20 0.02 g, H3B03 0.1 g. Na-82J HGIIOIS 0.01 g, Na2Se03 0.017 g, NiS04-6H20 0.026 g, NaCI 1 g. §W 

;^S':6oo mi)] oil 30 mM2j g^a. ni^H<^a se^ 4^^-oFAiis^a D\mm ®imii a^a se^ ni2a oi^g a^ 4^*iis oigmoi 
g^.aoiaoii mm as 4§§ uimsm 3 »^i & 1011 usao. 
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£blg LH g 2»»SS M^SHSS. 
ifl^Ts HI¥H^g OMIStfog a_v^a|9|SAH ATP* ^ohOj OtS OlIUXISHS At g 8} CM 4B*BCK 2SILH StfS Hi¥^^ 

i9#wa ch Ah mmo\ oissifeGii, espial ois»t- 3121* oi^2j aiijI aaaoi a a 4>§oi di^sha^Di 

XHI2i! OI^M Af§& iygOIIAH£ bl£B 3X1! 411 S&Ch. OIHB AlAIS. 6PI ^SOJIAi All 501 «^8hte 2£ ffl¥H6}2| CHAfOII 

Ki^ae atp on a semi, xii2a oisoi b^s^ai i^ah^ oil ui zi oi^esj ^oii oiesxi uataa. oiae mittr ir-ioi 
ISIobis* sxh 4ias oi§6^ a*. a» chakm)* atpm ^shxi sspi ceh^chi chafoh/h a^sfe oiilhxim oisnoi 

§mi : ^±m bx[ soiais oigsm wi2S oise sxh 4*g*iis oiem^ ais^s sat a^stxi asm. o\s= &mm w m& 
sfe bs^s 2Xh chms esH oil u xi a^joii oieaxi ssm aiis sj^chi ah 1112^ oise BSimEAi ^oia^i [eh°£j 21°^ 
#2, 4^s 2Xf soiais Mgam i^gi sit- ^nxii^ AtgB oh xi chi ah ais^s tiling ^ ^ 4§i sh^hi. Olte bs 
:|iaoi g§i esH J\mm a»e\o\ sxh chakmi gas B^m- ohlhxkatp)* a^spi oisoick 3^?s bsi au^2j us cumoiiah 
Sfe bsi^s msoii oigu [ih ^xh ^nxiie ^21 ai 51^ ah oii u xi °j a^ioii oisatoi. a^aom ^01 aiis^m ^^i mi\ 
tit&fit- sxh ^sflPi- chafoii oi^a &e a 21 oiil-ixpi «^ao. nam, a 1 chi ah ab bh£f aoi Mg^si mm oisoi a 
S;^gxiis oie^ ^^suf hi^m^soiiai Aisaai ^soii 21& ^11 x[o\D[ aap. 012s xii2g oisoi axh 

*ixHIS 0|g^ 3^ a XI- CH Ah CHI AH OIILHXPh ^S<^£|X| &^Lh^ 31 SOI^fe SOICh. SXh ^SMD\ A||S 2J¥0IIA1 3^ 2Xh CH 

iH^lAi afchSfc a^Xh2h SXh^h AIIS 2J¥CH|AH UH ^ Oil ^^Xh ^e^CHI 21 B OHUXIfe ^ K^l HH^OICj. d> B4- Ai , 5IH0I 

6h»S ttH ^^ohfe Oil U XI 21 3t§ ¥MOI Ail 5 ^|2S ^b|£j^l ffH^Ojl ChB Ail53f blUohOj S^g2J axHIS 4S^8^I ^\o[0\ L-\^ S^^ ^ 
^'li aS}A|3|0i tt 30|Ch. AIS32I OHLHXI OlAhOllAi UEIUfe OIHB SXh CHAhOll &^8h^ ^Sl^OI A||S 2J¥^ ^dlElfe 

a'^dia SXh ^^(electron-sink) B&HS ^^IM2J IlhSOIIAH S2HB SXh^h ii 6hXI an 2^^^ aETEPI ffH^OII 2^ II 

®-*^ 4 s am, oi^ee oisb 2xioii oh¥ ^eeh^i t§i ^ aU^oi ihi^ U2j ^^im &m ^mm mj\A\m ^ sich. 

$i| a smi 5hb axh eehat Aigea oiilhxi ch ak>ii ah tttiia ^^^01 ahis woiiai ^bi^ 4^ iu^xiM ^oioh^i ^imoi 

tn'^f 2^2h2j S^llf^^l yi^i 2^ 2# ^§ ^^(cyclovoltam metric methodic OlgohOI ^Sohiia. 2^ 2^ ^§ Q 

5 ^ CHI AH ^§ aaf SS2J tf»-«a &.^0|| S^S XHI^Sh^l IIH^OII &m 2^ axi(biofuel cell)S» ^MdiAl (biosensor) e 

^f^^P SOI^CHI BtOI 0|§£IH AxCh. 29 S# ^§1 ?|6h01 ^l^^ej S^iasf axi (electrochemical celDS AhgohixCh. ^Ah S&2J 
S-S0il Hhah exHI2f AhOIOIlAi ^aafe S^2] ^th^ SeiAIS^Ef^potentiostat, BAS CV-27)M AhgShOi ^SohSa. AlS^a El¥ 
gfgf S^ohfe S^^h bhl XI Oil AH 381 a §21^^^ dH^A|?j ®, ^ ^dl ^S^^ ^^ohSCh. OIM 50 mM2J ojA^g 

gt'es 2U Anaism, ^g^oji exii ^£ 0.7 0/1 s B^ohaa. 2xhim 0.8% g^&^^piaiHa 17% ± m% sj-vsjs Aheshoi 

j|H°(S|a 5 mm, ^01 10 mm) CHI ^§A|^ £^ B» 2# CHI OlgohAxCf. £ 3^ 2^ Oil USAI^i AIS25f 2^2f2J SS S 

^Sh^ UEfy 30|Ch. £ 3 Oil AH bh2} 90|. A|g^^ S^3h ^SShOI MhOI^BM^h bl^B 1EH2J ^ii MaIQ. 013^ » 
--SS&aoil Ahg^ AIS^OI S^3f y^ohOj 2XhS ^IS 4^ aU^I [IH ^ Oil a XI 21 ^OH^Ai 0|g§J [LH 2Xh Si OH Xll S dHXHI^ 

JjS^'fc ^SOICh. 

Xf^;'.- 

sei abb bh£h ^01, ^^i AiieB ^ssi2ai eni M^e axh oigshoi ^ig2i 6iShAioii ^^a^ sxhs ^biBCh 

//[fljaAI. Oil LH XI Qj Ah Oil Ai ^^£Jfe ^^!^0| ^xHI ^S^Oll 01 SB XI XHI2^ 0|^2j »S B8HI OlgS^I CH^Oil gf2J ^ Oil M XI 

«^^6h^i 9\o[o\ qb ^^2i g^i^ aii e oil bioH mBm &g ^2j ^\mm mmmwot bp. ^mxii2^ ch<m sxh ^gxiis 
oiisha oi^g2j oii u xi oi Ah oii ah g^sb &a^^ ^xhi a^ioii oiesixi &n m^m mm ±mm ^ hh^oji bsi Aii^oi 11 

Olgoh^ 2 XI Oil 0|g^ 3? SL|(sludge)2| Oil& £!<!^0| ^^£J2 ^^IM2| ^6hi aMOl e^hS 4^ aUM 51 

$ff Al Oil 2> 

SltXlOIIOII/dfe AIS2 IR-1S E 205I flAItt SEH2I SX|2| 2^ «9^S AlgofStCh 

iNfH g^2| S = 0£AHfe HffiSj 0.1775 nf/g U 0.1598 nf/ g 2) ^og «s|sg Ah§8h»a. gf^SI SE DHXIISfe 100 mM°l S 

%§'mm ssshb 100 mM°i ei6ha &ge"s Ahssm. g^^a s^s oi ah sai gjxi ^§qi°s aisiaa. s^a as oh ai^fe 100 m 
^ci bi^« gfgoHg Ahsshaa. gf^ei as oHxiioiife g^is 0^°§'?asioi 6.^ ssf ^ehs ^xiois^oi. s^si as QHaioiife 

£31 Oil 2f 30s SB 31^ §»l 2ci S3JA|?1 <y^B &26I fllXAl?] S^§ ^gJo^ <^^S fll^SJ ^ affll»2SAM 
gg§ ^IISI^CI. AISOII A|§E! eg &g°i!£| pHfe 7.025 5§8iaCf. aS a II Oil AH a^Sfe a^= SfiHICHlHIEHS Algol 01 

#ism. ^i^sis A^g8^o| ^sshaa. an waisi n&s 52 kaoian. subiohoiieisi n»s 10 a oietoiact. 

Waoi sbie pie axisj ^floii <& ^ 0.7 q°i Aise ir-i 50 mem s^i sai ^xis^ci. ais^s 30 mM°i a^a 

in s^ofe ei^a 5is oh xi oii ah 48 aizj =e> s^i^°s bH&e ^ a& saioioi ^st8haa. oig 50 mM°i ei^a ag^es 2 

M^NISJS 3?. 100 mM gSf^gg S^ohfe 100 mM2l E!^8 &S^0|| ^efAIS ggOII k\mo\<&Q. 0|2l SOI Sb|@ 25 S XI Oil 30mM2| 

^%g§ assAH s^fsm. oi an a^si gm oigsioi *§s^a. e 4oiiah aoi. sch a^ga uo 

f-^Cf. OI ^g§ S5H AIS22I Oil U Al CHAhOll A) 3IS0I t&HkW U ^^Slfe &S!^0| S» ^§fll Oia SIS a^S S3H ib|£|0| ^3lgM 

s£fes a^s tt«iAiii 4- siPfe Mum *ei8faa. 

ii-^AIOII 3> 
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#^A|0i|0i|Alfe OI^S ^OHSAi Alga IR-1S MgoHl 2g^/d 4>±e A^gohOj £ 1 Oil XIIAI^ §EH2j 0g 2X|2j ^ttgm A|gm 

afcfe. as 2x1s ^gs^ are Mdi^ej szis ^aioii 221- gestae*. 

g^}2J 2^°SAi aS xj 6 78 cnfoj ^ QJCH(*J3 8 mm, 2 01 25 mm)i AhgohaCh as 2X1 »X||°| XHSS 55 kQOISill, 

IfpHoiiEisi urns 10 q oiaoiaa. 

dpl/ioi ^dlS 2X|2| ¥?101l Ig- ^ k 1.4gSJ A|ga 50 *H?-|gH gP| ^1 SX| 51 a P. AlgaS 30-mM2| S^gf 

aiSta^a pis mx\o\\M 48 aizi ea spi^s hh&ai^i *oii s^sbi ^^ofaa. 50 mM2i a^s ^s^s 2 si Aim 

ft&l-OO mM SatttB* »^8fe 100 mM2| a^S^S^OII ^^o^Oj ^S0j| AWWSlCh 0I6H »0I ^bl£i S XI Oil D[± 3fl| 2^ 

toiiAis &28i jupui^j ^a»pi ai^shq. oim 21121 srs pi^piim oigstoi ^§o^a. e soim ut 
%^ : oi, ftas sch ztm&s 173 msq. 

^AlOil 4> 

li:6ii aiAie ^EHsj 2^ 2X1011 Dias ^ohsai ir-is Mssm assAi ni¥^#§ oisskm 2^ a#g§ Aissiach as 2 x1s ? 

i'fc 2fB M£I32J 228 AIAIOII 22f S^ofaCh 

iMl S^2| 2^2£AI 53^1 6.78 cnf2i s[CH(*i3 8 mm, SOI 25 mm)S AFgohaCh as 2X1 X^|2| 55 kQOiaH. 

gpOIOIIEISI H»S 10 Q DIEJOiaCf. 0ia aoi ^b!9 2S 2XI2J g= ¥¥I01I i& ^ k 0.2 g2J Alga 50 m« XH?-l»Il SP| ^Si SXI6I- 
§tK AigaS 30 mM2J ^Si &^8fe 2i<^S SS^ PIS dH XI Oil 48 AIZJ- ga SPI^S b|ig*AI2J ^Oil S6I M£|6|01 4**oiaCK 
#0::mM£| E!tf8 &§^2S 231 MiajSKM 100 mM SSHJBS ^^6fe 100 mM2| e!tfS»89H«l &^5FOj ^gOil MgohaCL 0I6K» 

f ft ^bi& sxioii ni¥M^s ^sspi Ai^oni, om ^asfe 2^21 pi^ipiis oigsm *§o^d. £ 6 011 ah bh2i- aoi. 
ipiks! aoi 2^^e 50 Mao. 

^#A|0ll 5> 

SnM)IS8 ^216^ OlgohOj g£|& All 3 AJ-2(^P| e.^^^Pls^ I PS! ¥^ ^2X^^011 1996^ im 24^X^ 

^ilfohH 4^1 KCTC 8752PM ¥01^M)M DI^M ^DH^Ai 0|g8H2 2^^Ai ONIM^hS, 4^4:, A|§a^«§ Af§t (Hi ^^offe 

-gf^^e ^So^oi binmaa. 2^ 2x1s ^^s^ =»g gdi^ej ^aioii 221- sss^i b^q. 

e^2| 2^H^Ai 3^5j 6.78 cnf2J &± ^01(^13 8 mm, SOI 25 mm)l Ahg^aQ. 2^2X1 X^xJ|2J XHSS 55 WSOiaH 

$&friEi2i xis^ 10 q oi&oiaa. oi^a- aoi sui.a zf^a a^ 2xisj ¥¥ioii aai ^spf 2% ^ 2g2i 3^^x121 ais^ 21 

%#0 : n^M xH?-i^H SPI ^31 ^XjoFaCf. ^ AIS38 30 mM2J Al^s^gg S&5^ 2J^S ^^^! PIS dHXIOIIAH 48AI2h §21- SPI^j 
2S" Biae ^Oil S^! ^2.l0il 2JSH ^^o^Cf. OIS SO mM31 2i<^g ^§5"25 2SI A||S|oHl 100 mM SSUmB S^o^ 100 mM2J 01 

^goMou a^noi ^goii Ahgotao. 01 aroi ^bis as 2x1011 o^ie^«, p^ §xii 2^1 e^Ai^ <^^s &201 niPiAi^j 
■^^ ^ Ai^s^gg ^^oPi Ai^sm oitoi g^aafe 2^21 &g pi^piis oiemoi ^smaa. £70iiAi ^01, ofaiim^ 

aoiu mjmzim 2#Pii2i ^ saa°u AieE tfa § 31^011 2^p^ mmw Aiarwao. 01^ AJ-2P^ 

||i^BI 6MtAIU OH ^^S£Jfe ^^^01 2^e ^bll 4^ S^b MMm SOI^fe 5101 CK 

f'&AIOII 6> 

Ij%A|0il0ilAife £ 221- ^8 2^ 2X101! AIS^H^^ | R -n Ah go HI aSSAi S^Si Ahggj- 3^2i 2^2j A|g6^Cf. as 

^asfb Mdi^a ^aioii 221- g^ohPii shaa. 

g^2J 2^^SAi Ha^ 846 cnf 81 33^ 1,175 onT2i ^^51 Afgo^CK as 2X| X^|2J X1S8 15 k^Oia 

Ml4^ioioiiEi2j 10 q oiaoiaa. oi^a aoi ^bie as ana- g^ ¥?ioii a si fe£P^ ^ k 0.7 ga ai^2 ^^^e spi^! 
■S#¥PKoK)i 2^2] i^gi 2^2^ ^§8i- a ci. Aisaa ^aioii 221 aa2s sbio^aH^ 2^011 nsohxi &n Afgo^aa. 
^^oiiAi ut& aoi, as a xi 011 a) 2#i>^ aoi 0.18 ^s ^saan 2^8 0.42 vs ^§£iaa. as 2x1011 
If ?i 36%Ph ohAiis^s^s asfgasu, 2x^ ^gfliM gPhofxi &n as 2x121 sue 522^ uiisfe ois^oii/dfe ^ k 5% 21 
l^mbFAiie^ass ^§faaa. 01 mm Ai^a2j ojiuxi chmohai a^m^ £^^01 2Xh ^g^i ai2 2^e mm ^is ^ui^ ^ 
A^e ^a^ 4- aaa. 

?l^'A|0il 7> 

3-- 

S^IAIOilfe ^AiOil 65f g^eh «JS2£ ^A|6^ A^gSjfe ^XH^HI g^2j a^jOil ^IfM ^aCK g^HJ S^^f 4,700 oifS gPUl 

*^".aa»s i.5M ePhAi^i ^Aiohaa. £ 90iiAi bi-si aoi as 2x1011*1 a^£ib ^jch 2^^^ 1.1 mAs ^ssian 2^^ 0.41 
IvM^ssiaa. as 2x121 assAi s^s^ ^ k 60%pf ohAiis^s^s ^£iaa. 01 ^shs ¥Q g^2j ^m. sa^oi 

2XI2J a§§ S^A|3lt-QI 0H¥ gflB aXhS STSBTa ^ai* 4^ BHO. 
fi%92| SI 

Sf^SOll Q>B as 2Xlfe 2^M 2X1- 4^gxliS 0|g»oSMi 0I^S2) CHI U XI CHMOIlAi tt«99b l^^^M a^l ^9^011 Olgo^XI SfH 

p^s mm 2is ^uibo. a>2iAi, ihi^pf a assi Aiia &m as 2x121 assAi oig^ 3^, sua oii& 

#1 ^pim2] ^6H smoi ^ ao. 

'if^e^. oig gf^ g^2i 2£ oHfli, ois ^ = Awia ois n&^i ai g^ ¥^121 oiae ^dhs 01^012 as as 2x1 oil aoiAi. 
gmm ^oHSAi s^s Alias Afgss ^§25 as as 2x1. 

If 
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Milfoil 9io\M. &di n\^m mmn se^ m\& se^ o\m 2*^21 ee^iss ^s^s m$= &m an. 

3Ff S 3. 

i||%0« &OiAI, £M OI^M ^OfPI- IR-KKCTC 8753P) SEfe AJ-2(KCTC 8752P)£Jg £S 51X1. 

4. 

airtsoii ?io\m, mmm oig&s 6Ffe sxi. 

ftroii tit 2^ oig^e m^£.^ atfe &m as 2x1. 
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